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SOFC SEAL AND CELL THERMAL
MANAGEMENT

The U.S. government may have certain rights 1n this inven-
tion pursuant to Contract No. DE-FC26-01NT41245
awarded by the U.S. Department of Energy.

BACKGROUND OF THE INVENTION

The present invention relates to a solid oxide tuel cell and
particularly to a fuel cell having preferential cooling of the
seals to maintain low cell temperature difference across the
seal and cell and interconnects formed of different materials
in the cathode tlow field to control heat transfer and to yield
uniform cell temperature.

A Tuel cell 1s an electrochemical device in which a hydro-
gen or a hydrocarbon fuel 1s electrochemically reacted with
air or oxygen to produce electricity, heat and water. A fuel cell
typically includes a cathode tlow field for tlowing oxidant, an
anode flow field for flowing hydrogen or a hydrocarbon fuel
and a cell between the cathode and anode tlow fields typically
formed of a hard ceramic electrolyte. Oxygen 1ons are formed
at the oxidant electrode 1.e., the cathode, and when the hydro-
gen or other hydrocarbon fuel 1s passed over the fuel elec-
trode, 1.e., the anode, the oxygen 1ons migrate through the
hard ceramic electrolyte to oxidize the fuel, transforming the
hydrogen to water and carbon monoxide to carbon dioxide
while releasing electrons. The electrons move out through an
external circuit to create electricity. High seal temperature
and high temperature gradients across the seal however can
lead to fuel leakage, anode oxidation and performance deg-
radation. Cooling the seals to maintain lower uniform tem-
perature can eliminate those 1ssues. Further, high temperature
gradients across the cell can lead to high thermal stress which,
in turn, can result in cell cracking and reduced stack life.
Improved heat transter communication between the cell and
the interconnects 1.e. the ribs of the cathode flow field defining,
the oxidant flow passage, can reduce the thermal gradient and
prevent cell cracking. Accordingly, there1s a need for improv-
ing the seal and managing the thermal gradients across the
cell.

BRIEF DESCRIPTION OF THE INVENTION

In a preferred embodiment of the present invention there 1s
provided a solid oxide tuel cell comprising: a layered array of
a manifold, a cathode tlow field, an electrolytic layer forming
a cell including an anode electrode and a cathode electrode on
opposite sides of the electrolytic layer, an anode flow field and
an anode flow field closure member:; the cathode flow field
including a central oxidant flow inlet and a plurality of oxi-
dant flow passages in communication with the cathode flow
field inlet; the manifold including an oxidant inlet and an
oxidant outlet in communication with the oxidant tlow inlet of
the cathode flow field; and the manifold, the cathode flow
field and cell having a seal about a periphery of the solid oxide
tuel cell, the manmifold having passageways extending from
the manifold oxidant inlet about the cell periphery and in
communication with the manifold outlet to preferentially
direct cathode oxidant tlow about the seal to cool the seal.

In a further preferred aspect of the present invention, there
1s provided a solid oxide fuel cell comprising: a layered array
of amanifold, a cathode flow field, an electrolytic layer form-
ing a cell, including a cathode and an anode, an anode flow
field and an anode flow field closure member; the cathode
flow field including an oxidant flow inlet and a plurality of
oxidant flow passages in communication with the cathode
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flow field inlet and terminating in respective outlets adjacent
a periphery of the cathode flow field; the mamifold including

an oxidant inlet and an oxidant outlet in communication with
the oxidant flow inlet of the cathode flow field; the manifold,
the cathode flow field and the cell having a seal about a
periphery of the solid oxide fuel cell, the mamifold oxidant
inlet being disposed adjacent a predetermined peripheral
location and passageways extending from the manifold oxi-
dant 1nlet 1n opposite directions about the manifold periphery
terminating at a location generally opposite the manifold
oxidant inlet 1n communication with the manifold outlet, the
passageways lying adjacent the seal to cool the seal.

In a further preferred embodiment hereot, there 1s provided
an array ol solid oxide fuel cell modules comprising: a plu-
rality of fuel cell modules arrayed against one another; each
of the modules including a layered array of a manifold, a
cathode flow field, an electrolytic layer forming a fuel cell
including an anode electrode and a cathode electrode on
opposite sides of the electrolytic layer, and an anode flow
field; the cathode flow field of each module including a cen-
tral oxidant flow inlet and a plurality of oxidant tlow passages
in communication with the cathode flow field inlet of the cell;
the manifold of each module including an oxidant 1nlet port
and an oxidant outlet in communication with the oxidant flow
inlet of the cathode flow field; and each of the manifolds
between the cathode tlow field of one manifold and an anode
flow field of an adjacent module having a fuel inlet and a fuel
outlet for flowing fuel to the anode flow field of the adjacent
module.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view of a solid oxide fuel
cell illustrating various aspects of the present invention;

FIG. 2 1s a schematic perspective view of the manifold
illustrating the flow of oxidant 1nto the cathode tlow field;

FIG. 3 1s a perspective with parts 1n cross section 1llustrat-
ing a single cell of stacked solid oxide fuel cells illustrated 1n
FIG. 4;

FIG. 4 1s an exploded perspective view of a series of the
stacked fuel cells; and

FIG. § 1s an exploded perspective view of the manifold for
supplying fuel and oxidant to adjacent cells, respectively.

Referring now to FIGS. 1 and 3, there 1s illustrated a solid
oxide fuel cell module generally designated 10 comprising a
manifold 12, a cathode flow field 14, a plate 16 interposed
between the manifold 12 and cathode flow field 14, a fuel cell
18 and an anode flow field 20. An arrangement of stacked
solid oxide fuel cells 1s illustrated in FI1G. 4 wherein the fuel
cell modules 10 are stacked one against the other with the
manifold of one forming a closure member for the anode tlow
field of the adjacent fuel cell. It will be appreciated that each
tuel cell including manifold 12, plate 16, cathode flow field
14, cell 18 and anode tlow field 20 are peripherally sealed one
to the other except at various inlets and outlets as conven-
tional or to be described.

Reterring to FIG. 2, the manifold 12 1s schematically 1llus-
trated to demonstrate the direction and locations of the air or
oxygen flow. Manifold 12 includes a peripheral air or oxygen
passageway 22 about the margin of the manifold 12. Particu-
larly, manifold 12 includes an air or oxygen inlet 24 for
supplying air to passageways 22 which diverge one from the
other and from 1nlet 24 to extend 1n opposite directions about
the periphery of the fuel cell. In the 1llustrated example, the
SOFC 1s circular and hence the air or oxygen from inlet 24
diverges 1n opposite directions passing about the periphery
for about 180° to a location opposite the air or oxygen inlet 24.
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The passageways 22 preferably intersect and communicate
with a radial passage 26 extending into a sub-mamifold 28 in
the center of the mamifold 12. The sub-manifold 28 includes
a central opening which, as indicated by the arrow 30, directs
the air or oxygen towards the center of the cathode flow field
14.

Referring again to FIGS. 1 and 2, the cathode flow field 14
includes a periphery 32 having a plurality of outlets 34 at
spaced circumierential positions thereabout. The outlets 34
while 1n communication with the central portion 36 of the
cathode flow field 14 by way of a plurality of passages 38. In
the 1llustrated example, the passages 38 form a generally zig
zag pattern for flowing the air or oxygen 1n opposite circums-
terential directions as the air or oxygen tlow 1s directed radi-
ally outwardly toward outlets 34. The passages 38 are there-
fore circuitous and are defined by interconnects 40.
Interconnects 40 include 1n this example generally radially
extending 1nterconnects 42 and circumierentially extending
interconnects 44 which essentially form a plurality of circum-
terentially spaced inverted Christmas tree arrangements from
the center 36 to the outlets 34. It will be appreciated that other
confligurations of circuitous passages for tlowing the air or
oxygen may be provided. Referring back to FIG. 1, plate 16 1s
interposed between the manifold 12 and cathode tlow field
14. Plate 16 includes a central opening 46 enabling flow of the
air or oxygen from the sub-manifold 28 through opening 46
into the central portion 36 of the cathode flow field 14 and
circuitously 1n circumierential and radial directions to outlets
34. One side of the fuel cell 18 confines the air or oxygen
within the passages 34 while the plate 16 confines the air or
oxygen along the opposite side of passages 34. To complete
the cell, the anode flow field 20 1s sealed about the periphery
to the fuel cell 18. As 1llustrated in FIG. 1, the anode flow field
includes various passages for flowing hydrogen or a hydro-
carbon fuel.

From the foregoing 1t will be appreciated that the air or
oxygen flow entering the manifold 12 1s directed about the
peripheral seal and about the periphery of the fuel cell to
provide cooling. The air or oxygen 1s then directed to the
cathode flow field through a hole 1n the center of manifold 12
and the hole 46 through plate 16. With the illustrated arrange-
ment of a single inlet with air or oxygen diverging about the
seal periphery and then tflowing radially imnwardly for tlow
into the central portion 1.e. the sub-manifold 28 of the cathode
flow field, a minimal pressure drop occurs which reduces
auxiliary power and increases etliciency. Also, the air flow
over the seal reduces the temperature diflerence very signifi-
cantly and this leads to improved cell life and performance.

It will also be appreciated that the interconnects 40 e.g., the
ribs of the cathode flow field 14 can be formed of matenals of
different thermal conductivity to control the heat flow. For
example, the first two circumierentially extending innermost
ribs 48, 1llustrated 1n the cathode flow field 14 of FIG. 2 and
extending 1n a radial outward direction, may be formed of a
stainless steel material. The two circumierentially extending
outermost ribs S0 of that Christmas tree arrangement may be
formed of ceramics. Because stainless steel and ceramic
maternals have different thermal conductivity, the heat trans-
ter 1s controlled to yield a substantially uniform cell tempera-
ture.

In another example, one or two of the ribs 40 adjacent the
air or oxygen inlet to the manifold may be formed of the
ceramic material while remaining ribs 40 may be formed of a
metallic material. This reduces the temperature gradient
between the cell and seal 1n the area of the mnlet which among,
other things inhibits cell cracking. That 1s by making the
interconnects of ceramic material at that location, the cold
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spot at the entrance to the manifold 1s not transferred onto the
cell and therefore 1s eliminated effectively minimizing the
temperature gradient across the cell. This 1n turn relieves
stress cracking. The remaining interconnects formed of
metallic materials help carry the heat away from the cell.

Referring to FIG. 4, there 1s 1llustrated a stacked arrange-
ment of the fuel cell modules 10. Current collector plates 54
and 56 are illustrated at opposite ends of the module. It will be
appreciated that the module forms part of a fuel cell housing
containing various other parts, such as electrical insulation,
power strips, terminals, piping for the fuel, and the like nec-
essary to provide an electricity producing fuel cell, all of
which other parts are conventional.

A preferred manifold 12 1s illustrated in FIG. 5 and has
multiple layers including a top layer 60, two intermediate
layers 62 and 64 and a lower layer 16. It wﬂl be appreciated
that 1n the stacked arrangement of the fuel cell modules 10,
the manifold 12 including the multiple layers lies between the
cathode flow field 14 of one fuel cell and the anode tlow field
20 of the next adjacent fuel cell. For example, plate 16 over-
lies the cathode flow field 14 of one fuel cell and layer 60
underlies the anode tlow field of an adjacent fuel cell. The
intermediate layers 62 and 64 have various ribs extending
radially and circumierentially for flowing oxygen or air
through the opening 46 into the cathode flow field 14 and fuel
in the opposite direction through an opening 66 1n layer 60 to
the adjacent anode tlow field. For example, when the layers 62
and 64 are secured together between the layers 60 and 16, the
generally radially extending ribs 70 and 72 of the layers 62, 64
are staggered relative to one another 1n circumierential direc-
tions while the circumierential ribs register with one another.
In this manner, air or oxygen flows through an air or oxygen
inlet port 74 and diverges 1n opposite circumierential direc-
tions for preferential cooling of the circumierential seal and
flows toward the center of the layers for flow through opening
46 into the cathode flow field. Fuel enters a fuel inlet 80
adjacent the periphery of manifold 12 formed by registering
passages 82 and 84 in layers 62 and 64. The fuel tlows toward
the center of manifold 12 for flow through the fuel outlet or
hole 66 and 1nto the anode flow field of the adjacent fuel cell
module. Thus, the ribbed arrangement of the intermediate
layers and the locations of the holes 46 and 66 enable air or
oxygen to tlow from the inlet port 74 through opening 46 into
the adjacent cathode flow field while peripherally preferen-
tially cooling the cell and the fuel to flow from an 1inlet port 80
through the hole 66 to the adjacent anode flow field.

While the invention has been described in connection with
what 1s presently considered to be the most practical and
preferred embodiment, 1t 1s to be understood that the inven-
tion 1s not to be limited to the disclosed embodiment, but on
the contrary, 1s intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What 1s claimed 1s:

1. A solid oxide fuel cell module comprising:

a layered array of a manifold, a cathode tlow field, an
clectrolytic layer forming a cell including an anode elec-
trode and a cathode electrode on opposite sides of the
clectrolytic layer, an anode flow field and an anode flow
field closure member;

said cathode flow field including a central oxidant flow
inlet and a plurality of oxidant flow passages 1n commu-
nication with said central oxidant flow inlet;

said manifold including an oxidant inlet at a peripheral
edge of said manifold and an oxidant outlet overlying
and 1 communication with said central oxidant flow
inlet of said cathode flow field:; and
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said peripheral edge of said manifold, and peripheral edges
of said cathode tlow field and said cell and said anode
flow field overlying each other and sealed to each other
to form a peripheral seal about the fuel cell module, said
manifold having discrete passageways extending from
said manifold oxidant inlet and arranged to direct oxi-
dant tlow 1n opposite directions, at said manifold oxidant
inlet about the peripheral edge of said manifold and then
radially inwardly to said mamfold oxidant outlet to
thereby preferentially direct cathode oxidant flow first
about said peripheral seal to cool the peripheral seal and
then to said cathode flow field.

2. A tuel cell module according to claim 1 wherein said
oxidant flow passages terminate 1n respective outlets adjacent
a periphery of the cathode tlow field.

3. A fuel cell module according to claim 1 wherein each of
said cathode flow field passages has a general zig-zag con-
figuration between said oxidant tlow inlet to said cathode flow
field and an associated cathode flow field exit.

4. A fuel cell module according to claim 1 wherein said
cathode flow field passages include segments which flow the
oxidant 1n opposite directions relative to one another.

5. A fuel cell module according to claim 4 wherein one of
said segments for flowing oxidant in one direction 1s spaced
turther from said cathode flow field oxidant inlet than another
ol said segments for flowing oxidant in the opposite direction.

6. A fuel cell module according to claim 1 wherein said
cathode flow field passages extend 1n generally concentric
circular segments enabling oxidant flow 1n said segments 1n
opposite circular directions relative to one another.

7. A fuel cell module according to claim 6 wherein said
cathode flow field has a generally circular configuration.

8. A fuel cell module according to claim 1 wherein the
cathode flow field includes interconnects defining 1n part said
flow passages, some of said interconnects being formed of
different materials having different thermal conductivities
than other of said interconnects.

9. A fuel cell module according to claim 8 wherein said
interconnects adjacent said manifold oxidant inlet are formed
of material having lower thermal conductivity than other
interconnects of said cathode tlow field.

10. A fuel cell module according to claim 9 wherein said
interconnects adjacent said manifold oxidant inlet are formed
ol a ceramic material and the other interconnects are formed
ol a metallic material.

11. A fuel cell module according to claim 1 wherein said
manifold oxidant outlet 1s located centrally of said manifold,
a plate between said manifold and said cathode tlow field, said
plate including a central opening for communicating oxidant
from said central manifold outlet to said central oxidant flow
inlet.

12. A solid oxade fuel cell module comprising:

a layered array of a manifold, a cathode flow field, an
clectrolytic layer forming a cell, including a cathode and
an anode, an anode flow field and an anode flow field
closure member;

said cathode flow field including an oxidant flow inlet and
a plurality of oxidant flow passages 1n communication
with said oxidant flow inlet of the cathode flow field and
terminating 1n respective outlets adjacent a periphery of
the cathode flow field;

said manifold including an oxidant inlet and an oxidant
outlet 1in communication with said oxidant flow inlet of
said cathode flow field;

said manifold, said cathode flow field, said cell, and said
anode flow field having overlying peripheral edges
sealed to each other to form a peripheral seal about the
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fuel cell module, said manifold oxidant inlet being dis-
posed adjacent a first peripheral location and passage-
ways extending directly from said manifold oxidant
inlet 1n opposite directions about the peripheral edge of
said manifold, terminating at a second peripheral loca-
tion generally opposite said manifold oxidant inlet and
in communication with said manifold oxidant outlet,
said passageways lying adjacent said peripheral seal to
preferentially cool said seal.

13. A fuel cell module according to claim 12 wherein the
cathode flow field includes interconnects defining 1n part said
flow passages, some of said interconnects being formed of
different matenals having different thermal conductivities
than other of said interconnects.

14. A fuel cell module according to claim 13 wherein
interconnects adjacent said manifold oxidant inlet are formed
of material having lower thermal conductivity than other
interconnects of said cathode tlow field.

15. A fuel cell module according to claim 14 wherein said
interconnects adjacent said manifold oxidant inlet are formed
ol a ceramic material and the other interconnects are formed
ol a metallic material.

16. A tuel cell module according to claim 12 wherein each
of said cathode flow field passages has a generally zigzag
configuration between said oxidant flow 1nlet to said cathode
flow field and an associated cathode flow field outlet.

17. A fuel cell module according to claim 16 wherein said
cathode flow field passages include segments which flow the
oxidant in opposite directions relative to one another.

18. A tuel cell module according to claim 17 wherein one
of said segments for flowing oxidant in one direction said
cathode oxidant tlow inlet lies centrally of said cathode flow
field, being spaced further from said cathode tlow field oxi-
dant inlet than another of said segments for flowing oxidant 1in
the opposite direction.

19. A fuel cell module according to claim 12 wherein said
cathode flow field passages extend in generally concentric
circular segments enabling oxidant flow 1n said segments 1n
opposite circular directions relative to one another.

20. A tuel cell module according to claim 12 wherein said
oxidant flow 1inlet of the cathode flow field lies centrally of
said cathode flow field, and a plate located between said
mamifold and said cathode flow field, said plate including a
central opening for communicating oxidant from said mani-
fold oxidant outlet to said cathode tlow field inlet.

21. An array of solid oxide fuel cell modules comprising:

a plurality of fuel cell modules arrayed against one another;

cach of said tuel cell modules including a layered array of

a manifold, a cathode flow field, an electrolytic layer
forming a fuel cell including an anode electrode and a
cathode electrode on opposite sides of the electrolytic
layer, and an anode flow field, and wherein aligned
peripheral edges of said manifold, cathode flow field,
fuel cell and anode tlow field are sealed to form a periph-
eral seal;

said cathode flow field of each module including a central

oxidant flow 1nlet and a plurality of oxidant flow pas-
sages 1n communication with said central oxidant tlow
inlet of the cathode flow field of said fuel cell;

said manifold of each module including an oxidant inlet

port and an oxidant outlet 1n a center of said manifold 1n
communication with said central oxidant flow inlet of
said cathode flow field; and

cach of said manifolds between said cathode tlow field of

one module and an anode flow field of an adjacent mod-
ule having a fuel inlet and a fuel outlet for flowing fuel to
the anode tlow field of the adjacent module, each respec-
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tive manifold having passageways extending in opposite cool said peripheral seal immediately upon entry of oxi-
directions, at said manifold oxidant inlet and directly dant flow into said manifold oxidant inlet.
about said peripheral seal to a location diametrically 22. An array according to claim 21 wherein said oxidant
opposed to said manifold oxidant inlet where said pas- outlet of each said manifold lies on a side of said manifold

sageways mntersect with a radial passage in communica- 5 remote from said fuel outlet 1n said array of modules.
tion with said manifold outlet to thereby preferentially
direct cathode oxidant tlow first into said passageways to S I
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